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ARSTHACT

A succinoxidage inhlibitor fcound in thyee Gram-nagative
organisms has been atudied, The subetance, wot idestified,
is capable of inhibiting the suucinomidase gystem of wat
liver, pig heart, wst~liver mitochondria, snd intact guinea
pig lymph cella, The lavel of iphibiticen appeaxs to be st
the level of cytoghzows ey,
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In 19614 4 was obsesved thab o factor wovld boe obistlned during

By 6 Thia factor ez chewleally and physiologically distinct freom the
iipepolysaccharide, Further studies vevaaled thet the probakle site of
action wap oo soms povtion of the electygu-tranpport chain belvoam
auecinlie dehydrogenzee snd cytochrowe e,2/  The dats in Chia zeport,
provionaly puhliahad,ﬂf present further information on the asturs of the
iohibitory sction on both vespirvation and oxidative phosphorylstion,

Il MATRRIALS AND MEINODS

A, MATERIALS

P. tulsxemgig: Cultures of P, tulerensis, Strain SCHYU $-4, were grown
in MOV media at 37°¢ for 26 houra, Aftex harvesting, the cells were washed
with physiologlesl salina. )

%. marcencens and E. gold: Qulturas of §. mavcegoans and f. goll were
growa ap described previously.® ’

Enzyme Praparationsg: Pig~heart amtrzcte vere prapared according‘:o 
the method of Houfeld, Scott, and stotz,

Mitochondria: Mitoechondiin were prapared from rat liver accoxding te
the wathed of Bchoeider and Mogeboon?/ ne wodified by Hetabrook, ¥
Lipopolyapecherides Lipopolysaccharide was preparad according to the
modificasion of the meihod of Taubar and Garaanﬁi sz deparibed ptmviouslyoﬁf

Yehivitow; B, soli or §. marcescens cells were thoroughly washed with
water, Yhe washod cslls ware trasted with phensl In the ratic of 59 nzens
of phenol Lo 56 grama of water to 25 grews of cells, This mizture was
hrmoganised in Uhe ¢old in & Waging Blender and centrifuged. The phewsl
layer wos discarded, The water layer wag axtzacted twica with equsl volumes
of sihar and Che ethar washioge were discarded. Enough ncetone wag added

o tha watey lever to mske the aceione contentration 70 per cant and tha
hegey pracipliate Lhat forced wes discavded. The {iltered scetena~gabex
golution wag evaporsted Lo drynese and the reeulting solld wes sueccagsivaly




The residus was dispolved in water., The last fesetion, celled Fractdon 4,
weuvally containad most of the iunhibitor, although in soms bafobes actlvity
wan diastribubed Lhroughout ail of the solvent estracktlions. This prepsration
Lo Pllustrated in ¥Figure i,

B. JBNIZYME. ASSAYS

Oxygen consumption wasg dQCthined with a Llark recording oxygen

-alactrode,  The cumponenta in the assay aystem were 1.0 milliliter of

0.1 M phogphate huffer (pi 7.4), 0.1 milliliter of inhibitor, 0.1
milliliter of 0.1 M sodiuw succinate in. phogphate buffer (pu 7.4), and
0.8 miililiter of heart»muucle extract and water.

'111',' BESULTS

Figure 2 shows that the succimoxidase inhibitor can be almost complately
saparated from the lipopolysaccharide.: Conversely, . in anta. prcviausly
rupoxted,g the endotoxin was shown to reside cxclulivoly in cha
1ipopolysaccharide fractionm,

Veiag tha Clark recording oxygen electrods as a nnauutu nt ox¥gen
consumption enablad us to obgerve the sction of the imhibitor- éuxta‘ the -
early part of the resction, which was not possibls when the Warburg
apparatus was used. Morsover; differences batween crude sud. pqrhiclly
purified preparations became readily spparant,

tigurc 3 shows the affect of- adding 0.64 m&lligrcn of crude: 1nh1b1tor

| to an sctively respiring pig-heart preparation. The resction was initisted

at "8" by the addicion of 0,1 milliliter of 0.1 M scdium sucoinate and a
rate of 2.9 div/min, was obsarved, After the reaction had proceeded for
one minute, 0,64 milligram of crude inhibitor was added. It cen be zasn
that a gradual decrasse in rate commanced go that after five minutes the
rata hed decrsased to 0.4 div/min, reapresenting mcre then 86 par cent
inhibiticn,

The effect of the crude inhibitor can be contrasted with rthat of
partislly purified ilnhibitor® fliustrated in Figure 4. One winute aftar
the start of the reaction, 21 micrograms of inhibitor (V) wers added.
This produced an irmediate inhibition of 45 per eant,

* Purity of the inhibitor was calculated on the basis of the amount of
inhibitor raquirad Lo cause inhibition. The less the amount of imhibitor
requirad to cause a shated asount of inhibition, the purer the irhibiter,



20C Grams Boacteiic

Phenol Water

. 1
Phenol layer discarded Water loyer

Extracted twice with

equal volumes of ether

Ether !uye‘r discarded Water lk>zyer
made 70% Acetone

I i
Precipitate discarded Supernatant fluid

Evaporated to Dryness

Precipitate
Purified by successive extractions with
97% Acetone, Methanol, and Fthanol

Figure 1. Preparation of Inhibitor.

INHIBITOR
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% Inhibition
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Figure 2. The Effect of Inhibitor and Lipopolysaccharide
on Succinoxidase Activity.
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Figure 3. Inhibition by a Crude Inhibitor Preparation.
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Figure 4. The Effect of Pavtially Purified Inhibitor
When Added After Substrate.



A sscond pdditien of Z) microfrasms caused the level of inhidition Lo lncrease
Lo 63 per cent, The possible resson for the velatively wrapid action of the
purified Iinhibitor se contrsnted Co the glower actiug cvude Inhibitox ism

that in the lupure atate Chere iz a finite time required for the inbibitory
substance Lo dingocinte frow whelever lmpurity Le accowpanying it and

attach itaelf to the eppsopriate aife in thea anzyme preparation.

_Lf, bowever, either srude ox purified lohibiter is added before the
addition of substrate, then the level of inhibition is equivalont to
that in the experiments described above. This is true whether there ig
prolonged incubation ox ths resction ia started irmedistely after addition
of the inhibitoer. The significanre of thess observations will be
dimcussed Iater, -

The effect of the inhibitor on oxidative phosphorylation im tightly
coupled mitochondria is illustrated in Teble I. It can be seen that the
effuct of the inbibitor on ADP-stimulated respiration is entirely dependent
upott the sequence of addition of the componsuts,

TABNIR 1. RFPECT OF INRIAITOR OM THR RESPIRATION. OF COUPLED MITOCHGNDRIA

Additions , L Rate, div/min

1. Inhibitor added to complate nyicu

mitochondria ' 0.4
succinate : - 0.7
ADP 2.6
Inhibitor S 1.4 1 mivute after addition

0.8 2 sinuten after addicion

II. Inhibitor addad before succinate and ADY

mitochondria 0.3
inhibitor d. 4
succinate 0.4
ADP 0.5
IXi. TInhibitor added betwaen succinste snd ADP
mitochondris 0.5
succinate 0.8
inbibitor 1.6 for 15 seconds
1.2 after 15 saconds
LGP 1.1
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Fart 1 of thig Table shows that addition of the fnhibiter after mexiowel
respiration wvas obtained following Che addiitlon of ATR cauped & wmarked
drop in the resplrabory rate., Addition of the iphibitov, howsver, prior

to the addition of either substzate ox ADF blocked all but some endogencus
respivation, Addition of Che inhibitor after the substrate but baforg ADP
caunged a siight atimulation in sowe ways reminiscent of the uncoupling
effect of dinitrophenol. Thie iunitial stimulation dacressed scmewhat after
the firet 15 secondsz and remsined unaffected by the subsaguent addition of
ADR,

It was of interest to determine whether the inhibitor would have
any effect on whole nells. Jn collaboration with Dr, John Bouwden,
Chamlstry Branch, Physical Selences Division, quantities of imbibiitor
were added to iaclated guinag piy lymph tissue and the affect on respiration
notad, The data in Table LI show that in twu aupnratn oxpuriwunts
respiration wag; indeed, inhibigad, .

The datg in this veport unre‘ohtaincd, for the most psrt, using
inhibitor from E. coli. BData so obtained are essentially the same as that
previcusly repotCQd for 8. margescens and PB. tulsrevsis,

TAELE II. RESPIRATION OF cuinnxfzuc.xxnxa:rxaaus
IN THE PRESENCE OF INHIBITOR :

(86.4 miliigrame lynph tissue used.)

Inhibitor Per cont
Trisl added 92 gupinicion
) Milligram
0,77 5.7 85,1
2 0 1.1
0.3% 1.4 33,3




11
A¥. DISCUSEION

The presence of such an inhibitor in Gram~nagative organisms glves
rise Lo speculatlon comcerning hoth itas funetion in the orgeniswm and lig
role as an inhibitor. As one might expact, addition.of even large
quant.itles of inhibitor bas no effect on the respiration of whole
bacterial cells or of thelr active cell-free extracts, Awvsuming for the
woment, then, that this wmaterial ls not’ an inhibitor of the mamexlian
succinoxidsse asystem becavse of an artifser of preparation, it is
possible that the substance. may itwelf play some rvole in.the. alectron
tranaport scheme in baeteris somewhat similar to theat of cowntyme Q,.

It Js also pussdibie that a subatance, aimilar but not. identlical to the
inhibitor, ie present. in mawmsllan celle: endithat this sulkiztance also
plays. a rele in alectron transport, ZThe inbibition, then;. could be
accounted for by competition between thw inhibitor and the nstural
substance, If the inhibitor is more firmly bound that: the naturally:
ooourring waterial, then it, by not: being. able elther to acvept. or to.
transfar alectrons i{n Che nasmalian aystem, would: act an: & most affective
blocking agent, which it  apparently doss:. Our. dats. ghow that:. axcept
for some slight effect oa succinic debydrogenase from. the- K goii
preparation; the prime efféct of ths inhibitor is quite’ spmcitic, being,
located at or neax the: level of cytochrome °1’

It is not cleaxr frow the data prasented:whether or not, in:isalated
mitochondria capable of oxidative phesphorylation, the prime: effect i
on the ragpiration or the phosphorylation. A good guess is that the
primury effect is on the respirstory process: It also seems from tha
data that when ivhibiter ila addad betwmen succinate and ABP, the
"uricoupling” effect noted might be dua to gome altaration in mitochondrial
permaability,

it is of sowe value, wa thiuok, to apeculate sbout a possible rols for
aubatances of this nature in the infective process. One# thought ia chat
the inhibitor, together with andotoxinm, might paxalyse the cell snd thus
obstruct the normsl destructive lytic process. I1f during the early stager
of infection sufficient amounts of inhibitor are relesased, the cellular
raspiratory mechanisws would decrease in activity or stop complately and
the energy-producing mechaniswms would come to a hait. Asx demonatrated’ in
the experiments on guires pig lymph Cissue, intact cells ara susceptible
to the inhibitor.

* One current concept of electron transport plctures the succinoxidase
system in the following manner:

phosphorylating
succinic o CYtoshrome b
Succinate - dehydrogenaae B s cytochroma €] —mm €YEO € meem Cytow — 07
nonphosphorylating
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In conclusion, 1t might bs stated thet thie fuvastipetion has revealed
two aress that; in ovr opinlen, reguire furiher exteusive investigarion.
One 1s the nsture of engvpy-prodicing mechanigws in the bseterisi czli
and their relationsbilp to weemalisn syeteme; the secoud is the vsture of
the infective puotess about which wa are still largely ignarant,
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